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(54) IMAGE PROCESSING DEVICE 

(57)Abstract: 

PURPOSE: To effectively emphasize a part changed by 
the lapse of time such as newly generated shade and 
shadow of a lesion and to improve diagnosing accuracy 
and diagnosing efficiency by producing an energy 
difference processing image between original images by 
at least two kinds of radiation rays transmitting the same 
object and performing inter-image arithmetic processing. 
CONSTITUTION: A soft image BO is produced from a 
high energy image Hr and a low energy image L by 
applying simple weighted subtraction, and the image BO ' " ' "'■*' 

is multiplied by a smoothing filter Fb1 which takes the 
average of masks of several picture elements. In such a 
case, a bone image Si is obtained by subtracting the soft 
image BO to which smoothing processing is applied from 

the original image, however, it is convenient to use an image A in which two original images 
are weight-averaged compared with the one in the case that either the high energy image or 
low energy image is used as the original image judging from the standpoint to reduce a noise 
as many as possible. While, a soft image B1 is generated by subtracting the image S1 in 
which the bone image S1 is smoothed by a smoothing filter Fs1 from the weight-averaged 
image A. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the image processing technique which can give the 
image information suitable for a diagnosis of an aging part in a medical radiation image in detail about 
an image processing system. 
[0002] 

[Description of the Prior Art] In order to use many radiation images to a sick diagnosis like an X-ray 
picture and to obtain this X-ray picture, the X-ray which penetrated the photographic subject is 
irradiated at a fluorescent substance layer (fluorescent screen), and many so-called radiographs which 
were made to produce the light by this, irradiated the film which used silver salt like the usual 
photograph, and developed this light are used from the former. 

[0003] And in the diagnosis based on observation of said radiograph, two or more films photoed at the 
stage to differ, for example about the same subject were arranged in on observation equipments, such as 
X film illuminator (film viewer), the medical practitioner compared those images (time series image) 
mutually, and there was a case where it used for a diagnosis, by recognizing an aging part based on the 
experience knowledge of self. 

[0004] As mentioned above, the technique of carrying out comparison reference of the serial image of 
each other is important, when discovering the newly generated lesion or getting to know advance of a 
lesion already known, or the situation of an improvement. Making lesion shading easy to discover is 
performed from the former by on the other hand obtaining the image which extracted the particular part 
of a photographic subject by energy subtraction processing. 

[0005] It uses having the rate of the absorption of radiation to which the particular part of a photographic 
subject differs from said energy subtraction processing to the radiation which has mutually different 
energy. By obtaining two or more radiation images by each radiation which has mutually different 
energy to the same photographic subject, carrying out weighting of two or more of these radiation 
images suitably, and calculating the difference A bony septum or soft parts is removed from a radiation 
image, and two kinds of images of the soft-parts image which expresses soft tissue as a subject, and the 
bony septum image which expresses the bony septum in said photographic subject as a subject can be 
generated (reference, such as JP,58-163338,A). 
[0006] 

[Problem(s) to be Solved by the Invention] By the way, even if it performed the comparison 
interpretation of radiogram of a film image serial as mentioned above using observation equipments, 
such as X film illuminator, since the complicated normal structure of the body was overlapped and it 
appeared in many cases, recognition of said aging part was difficult for aging parts, such as newly 
generated lesion shading, and they had the case where an oversight arose. 

[0007] Moreover, in the above comparison interpretation of radiogram of a film image, since the field 
which corresponds mutually [ two or more films ] was chosen based on observation and knowledge, and 
those fields had to be compared by turns and had to be judged in order to have recognized the exact 
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location and range, or extent of change even when an aging part was detected, there was a problem that 
diagnostic effectiveness was bad. 

[0008] Furthermore, in the comparison interpretation of radiogram of a film image, the activity which 
selects the target film out of a film storage warehouse etc., carries to an interpretation-of-radiogram 
room, and is imposed on X film illuminator was required, and also had the problem that working 
efficiency was bad each time. On the other hand, since lesion shading and normal structure were not 
able to be completely separated even when energy subtraction processing is performed, lesion shading 
may have been overlooked too. For example, although it becomes easy to find it by the soft-parts image 
which removes a bony septum and mainly expresses soft parts, even if the neoplasm which lapped with 
the rib was a soft-parts image, since the distinction with shading of a blood vessel or a bronchial tube 
and a neoplasm was difficult, it may have overlooked lesion shading. 

[0009] moreover, since there is no information about aging of lesion shading in an energy subtraction 
processing image, even if it has recognized lesion shading, it will be shading generated newly — a 
chronic disease - strange one could not be distinguished and there was a problem that speed of advance . 
of a lesion could not be judged, either. This invention is made in view of the above-mentioned trouble, 
and it aims at raising accuracy and diagnostic effectiveness by offering the image processing system 
which can generate the processing image which emphasized aging parts, such as newly generated lesion 
shading, effectively. 
[0010] 

[Means for Solving the Problem] Therefore, the image processing system concerning invention of claim 
1 the difference between two or more original radiation line drawing images formed by at least two 
kinds of radiations with energy distribution which penetrates the same photographic subject and is 
mutually different with an energy subtraction processing means to generate an energy subtraction 
processing image by processing It has a data-processing means between images to perform data 
processing between images among two or more energy subtraction processing images concerned with 
the same photographic subject generated with this energy subtraction processing means, and to generate 
a processing image, and is constituted. 

[001 1] Moreover, the image processing system concerning invention of claim 2 the difference between 
two or more original radiation line drawing images formed by at least two kinds of radiations with 
energy distribution which penetrates the same photographic subject and is mutually different — with a 
storage means to memorize two or more energy subtraction processing images generated by processing 
It has a data-processing means between images to perform data processing between images among said 
two or more energy subtraction processing images concerned with the same photographic subject 
memorized by this storage means, and to generate a processing image, and is constituted. 
[0012] In the image processing system concerning invention of claim 3, two or more energy subtraction 
processing images concerned with said same photographic subject It is the image generated 
corresponding to each photography stage as a result of having performed photography which obtains 
said original radiation image two or more times at a different stage. An alignment processing means by 
which said data-processing means between images performs alignment processing of a common 
photographic subject part among said two or more energy subtraction processing images, between two 
or more energy subtraction processing images in which alignment processing was performed with this 
alignment processing means — between images ~ difference — the difference which processes - it shall 
be constituted including a processing means 

[0013] In the image processing system concerning invention of claim 4, the alignment processing in said 
alignment processing means considered as the configuration including non-line type conversion of at 
least 1 image of said two or more energy subtraction processing images. In the image processing system 
concerning invention of claim 5, it considered as the configuration using the soft-parts image with which 
said photographic subject expresses as a subject the soft tissue which removed the bony septum in said 
photographic subject including soft tissue and a bony septum as said energy subtraction processing 
image in said data-processing means between images. 

[0014] In the image processing system concerning invention of claim 6, said photographic subject 
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contains soft tissue and a bony septum. As said energy subtraction processing image Two kinds of 
images of the soft-parts image which expresses the soft tissue of said photographic subject as a subject, 
and the bony septum image which expresses the bony septum in said photographic subject as a subject 
are generated. After said alignment processing means performs rough alignment processing using said 
bony septum image, it performs fine alignment using said soft-parts image, and as said energy 
subtraction processing image in said data-processing means between images It considered as the 
configuration using the soft-parts image with which said alignment processing was performed. 
[0015] In the image processing system concerning invention of claim 7, it considered as the 
configuration which has an image display means to display at least the processing image generated in 
said data-processing means between images. In the image processing system concerning invention of 
claim 8, said image display means considered at least one side of the processing image generated in said 
data-processing means between images, and a said original image and an energy subtraction processing 
image as coincidence or the configuration switched and displayed. 
[0016] 

[Function] It becomes still more possible, after energy subtraction processing removes a part of normal 
structure of the body acting as a failure to discovery of lesion shading according to the image processing 
system concerning claim 1 or invention of 2 to emphasize alternatively the change part between energy 
subtraction processing images by data processing between images. 

[0017] Since it is specifically possible to reduce vascular shadow by data processing between energy 
subtraction processing images while reducing bone shading by energy subtraction processing Even if the 
physical relationship of a bone and a blood vessel is the case where it changes with differences in the 
direction of incidence of the radiation at the time of photography etc. The interpretation of radiogram of 
the part which was changefial with lesion shadings, such as a neoplasm, can be carried out easily, 
without being influenced by a bone and the blood vessel, since bone shading and vascular shadow can 
be negated to high degree of accuracy, respectively, with a change part can be alternatively emphasized 
without generating of a fake image. 

[0018] after performing alignment among two or more energy subtraction processing images which 
correspond at a different photography stage, respectively according to the image processing system 
concerning invention of claim 3 - difference - by processing, even if there is a gap of the photographic 
subject location by photography stages differing, the image which emphasized only the aging part can 
obtain, without negating a part without aging exactly and generating a fake image. 
[0019] Since alignment processing is performed using the non-line type image transformation which can 
respond also to the complicated distortion of an image according to the image processing system 
concerning invention of claim 4, alignment processing that precision is high is possible. Since data 
processing between images is performed using a soft-parts image according to the image processing 
system concerning invention of claim 5, change of abnormality shading with high cHnical significance, 
such as tumor shadow, can be emphasized effectively. 

[0020] Since according to the image processing system concerning invention of claim 6 a soft-parts 
image performs fine aligrmient after complicated soft tissue is eliminated and ** also performs rough 
alignment using a bony septum image with a clear profile, when performing data processing between 
images using a soft-parts image, the alignment processing using [ even if there is a comparatively big 
location gap, alignment is possible, and ] the soft-parts image can be made to perform simple and with 
high precision. 

[0021] According to the image processing system concerning invention of claim 7, by the picture to 
picture operation between energy subtracfion processing images, the processing image with which the 
change part was emphasized alternatively can be displayed, and a change part can be observed on a 
screen. According to the image processing system concerning invention of claim 8, the location and 
detail of a change part which were observed on the processing image by coincidence or making it switch 
and display in one side [ at least ] of the processing image with which tiie change part was emphasized 
alternatively, and an original image and an energy subtraction processing image can be easily checked 
on an original image or an energy subtraction processing image. 
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[0022] 

[Example] The example of this invention is explained below. In drawing 1 R> 1 which shows the 
system configuration of one example of the image processing system concerning this invention, the 
image storage section 1 (storage means) stores two or more data of the radiation image of the body 
photoed as an object for a medical diagnosis, and consists of magneto-optic disks etc. 
[0023] Said radiation image data irradiates the light from the light source of laser, a fluorescent lamp, 
etc. at the silver halide film which recorded the radiation image, what obtained the transmitted light of a 
silver halide film, carried out photo electric conversion of this transmitted light, and obtained it — or The 
plate-like detector (imaging plate) which has a fluorescent substance is made to absorb the radiation 
which penetrated the photographic subject. After that this fluorescent substance for example, by exciting 
with light or heat energy The energy of radiation which the fluorescent substance is accumulating by the 
above-mentioned absorption is made to emit as fluorescence, photo electric conversion of this 
fluorescence may be carried out, and it may be acquired. Or using a dose child digital detector, the 
energy of radiation may be transformed into a direct electrical signal, and may be obtained, and after 
changing a radiation into the light with a fluorescent substance etc., you may obtain by leading this light 
to optoelectric transducers, such as CCD. 

[0024] It is good to make it make various information between the images which were made to 
correspond to each radiation image data, for example, photoed the information about photography time, 
a photography part, photography conditions, image-processing conditions, the subject, etc., and the same 
part of the still more nearly same subject here, such as information on alignment processing, and a 
detection result of abnormality shading, memorize. In addition, the image data to which various data 
processing was performed as radiation image data memorized by said image storage section 1 in the 
image-processing section 5 mentioned later besides the original image data obtained by photography 
with radiation photography equipment 2 is contained. 

[0025] The stored data of said image storage section 1 is displayed on the image display section 6 which 
consists of CRT so that the image data which was chosen as arbitration in inputting retrieval 
information, such as subject and photography time, with a console 4, was read by the image 
Management Department 3 at any time, and was read may make the interpretation of radiogram of a 
radiation image perform, after passing through the image processing in the image-processing section 5 if 
needed. 

[0026] Therefore, the activity of discovering the purpose film which is performed in a radiation film 
when performing the interpretation of radiogram using X film illuminator, and hanging this on X film 
illuminator is not required, and an interpretation-of-radiogram activity with sufficient working efficiency 
is possible. In the system of this example, two image display units A and B (image display means) 
which have the image display section 6 are formed in each, and the image memory 7 and display and 
control section 8 other than the image display section 6 are prepared in each image display units A and 
B, respectively. 

[0027] The image data read from said image storage section 1 is considered as the configuration to 
which it is controlled by the transfer control section 9, and image data is transmitted to image memory 
7b from said image memory 7a, when image memory 7a of the image display unit A once memorizes 
and it displays an image using the image display unit B. That is, it makes it possible to display two 
different images at least on coincidence by having considered as the configuration equipped with two 
display units A and B, and you may be a configuration equipped with three or more display units. 
[0028] Although the transfer control section 9 performs an image data transfer according to the 
directions of a display format performed through a console 4, after directions of said display format are 
sent also to display and control section 8a of the image display unit A, they are controlled by said 
transfer control section 9, and are directed also to display and control section 8b of another side. And in 
a display and control section 8, the image data outputted to the image display section 6 is processed that 
an image should be displayed according to the specified display format. 

[0029] Gray scale conversion, such as expansion for making the display size which had the image 
specified suit, contraction processing, and windowing for fitting the gradation of an image to the 
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brightness property of a display, is also included in processing of said image data. In addition, said 
enlarging-or-contracting processing, gray scale conversion, etc. are good also as a configuration which is 
performed in the image-processing section 5, before transmitting an image to an image memory. 
[0030] By the way, photography which realizes energy subtraction processing can be performed now 
with said radiography equipment 2 of this example, said energy-subtraction processing (energy 
subtraction processing) is the technique of imaging separately the matter with which radiation 
absorption coefficients, such as obtaining the soft-parts image which eliminated the bone using two 
kinds of images with which distribution of X lineal energy differs with the same photographic subject, 
and the bony-septum image which eliminated soft tissue conversely, differ, respectively (a radiation — 
reference, such as iatrotechnique study series (6) "practical-use image processing of CR" March 3 1 , 
1993 corporation Japanese Society of Radiological Technology issue ). It becomes easy to discover the 
nodular shadow which laps with a rib and is hard to discover for example, on a thorax image by this 
energy subtraction processing by removing a rib. 

[0031] the technique for obtaining two kinds of images by the X-ray with different energy distribution - 
one shot ~ law - or there are two shots of law. Two shots of law are performed by said thing [ switching 
and carrying out exposure of the voltage of X-ray tube twice ]. While photoing a low energy image by 
60k V first and then specifically replacing an imaging plate, it is 120kV about tube voltage. It switches 
and a high energy image is photoed. 

[0032] On the other hand, the one aforementioned shot, on both sides of a filter (for example, copper 
plate), it piles up between two imaging plates, for example, law is lOOkV. Exposure is carried out with 
the tube voltage of extent, and two imaging plates are read and imaged to according to, respectively. A 
soft-parts image (bony septum elimination image) and a bony septum image (soft-parts elimination 
image) are generable by performing load subtraction processing which is indicated by JP,58-163338,A 
to said high energy obtained by law or photography according to law two shots one shot, and a low 
energy image. However, since noise components other than usefiil information are contained in the 
processing image based on simple load subtraction processing so much on the diagnosis, in order to 
generate the energy subtraction processing image which is easier to diagnose, it is desirable to apply 
data processing between images which has the noise rejection fiinction in which it is expressed in the 
principle Fig. shown in drawing 2 . 

[0033] First, the soft-parts (bony septum elimination) image BO is generated by simple load subtraction 
from the high energy image Hr and the low energy image L. Next, the smoothing filter Fbl which takes 
the average of a several pixels mask is covered to the bony septum image BO. Although the bony septum 
image SI will be obtained here if said soft-parts image Fbl (BO) by which data smoothing was carried 
out is subtracted from an original image, it is more advantageous to use the image A which carried out 
[ rather than ] averaging of the two original images using high energy or a low energy image as an 
original image from a viewpoint which reduces a noise as much as possible. 

[0034] On the other hand, the soft-parts image Bl is generated by subtracting the image Fsl (SI) which 
graduated said bony septum image SI with the smoothing filter Fsl from said averaging image A. In 
addition, it is good to use an edge preservation smoothing filter which cuts an inside high frequency 
component, without degrading an edge with said smoothing filter Fsl. Moreover, if said smoothing filter 
makes it deteriorate not only to a noise but to a signal, since a part of bone signal is overlapped on a 
soft-parts image as a fake image and a part of soft-parts signal is overlapped on a bony septum image as 
a fake image After repeating the processing which asks for a soft-parts image and a bony septum image 
by turns several times and removing a noise enough, changing the size of a mask etc., it is good also as a 
configuration which outputs a soft-parts image and a bony septum image (reference, such as JP,3- 
285475,A). 

[0035] By the way, in the photography which obtains high energy and a low energy image, a geometric 
gap may arise in a photographic subject image between the high energy image H and the low energy 
image L. The cause of generating of said gap has the difference of the dilation ratio of the image of two 
sheets which one shot of location gaps of two imaging plates at the time of photography is one of law 
and those have two shots common to law, and is produced with the distance of an upper imaging plate 
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and a lower imaging plate as what has one shot peculiar to law. When it leaves this gap as it is and load 
subtraction is performed, a bony edge will remain in the soft-parts image of a subtraction result as a fake 
image, for example. 

[0036] then, it is shown in the flow chart of drawing 3 as with [ of high energy and a low energy 
image (original image) ] weight - difference ~ before processing (load subtraction), it is good to be 
made to perform aligrmient processing which doubles a relative location gap of a photographic subject 
between high energy and a low energy image. For example, there is an approach using a ring-like metal 
marker as said alignment processing (reference, such as JP,58-163338,A). This approach detects the 
location of the marker on each imaging plate, is comparing this detection result, computes the amount of 
gaps between two imaging plates, and is said computed thing which shifts, performs rotation, a parallel 
displacement, and enlarging-or-contracting processing (coordinate transformation processing) at least 
about one side of an original image based on an amount, and performs subtraction processing after that. 
[0037] Moreover, in a low energy image and a high energy image, the parts (a profile, edge point, etc.) 
corresponding to mutual [ on a photographic subject ] are detected as an approach of performing 
alignment processing, without using said marker, respectively, and there is the approach of shifting by 
comparing this detection result and computing an amount (reference, such as JP,6-215108,A). 
Specifically filtering processing is carried out about each original image, an edge point (for example, 
point that a clavicle and a rib cross) is searched for, and the predetermined field centering on each edge 
point is taken out from a low energy image. Subsequently, shifting this field on a high energy image, the 
point that the correlation value between two images becomes max is found, and let the amount of gaps at 
this time be the amount of gaps between 2 images in that edge point. And rotation of the whole image, 
parallel, and the amount of expansions are computed from the amount of gaps calculated for every edge 
point. 

[0038] In addition, since there is [ a direction considered as said rotation, parallel, and the configuration 
using line type conversion which consists of combination of expansion ] little computational complexity 
and processing speed is quick, the coordinate transformation in the alignment processing between high 
energy and a low energy image is desirable. According to the above-mentioned energy subtraction 
processing image, it becomes easy to find the neoplasm which lapped with the rib based on the soft- 
parts image which eliminated the bony septum, for example, however, since lesion shading may be 
overlooked since the distinction with vascular shadow and a neoplasm is difficult and there is no 
information about aging of lesion shading, even if it is a soft-parts image, even if it has recognized 
lesion shading, it will be shading generated newly — a chronic disease ~ strange one cannot be 
distinguished and speed of advance of a lesion cannot be judged, either. 

[0039] So, in this example, the image which emphasized alternatively (the data-processing means 
between images) and the aging part in the same photographic subject by performing data processing 
between images (for example, difference processing) between the energy subtraction processing images 
in connection with the same photographic subject generated corresponding to each photography stage as 
a result of having performed photography which obtains an original radiation image two or more times 
at a different stage (for example, a different fiscal year) has been obtained. Data processing between 
images between the energy subtraction processing images in connection with the same photographic 
subject hereafter generated corresponding to a different photography stage is called time series 
processing. 

[0040] For example, if a neoplasm, inflammation, etc. can emphasize a change of a lesion with the rate 
of the absorption of radiation near the soft tissue of the body with time if time series processing by soft- 
parts images is performed (refer to drawing 4 ), and time series processing by bony septum images is 
performed, aging of structure with the rate of the absorption of radiation near the bone of the body, such 
as fracture, occification of a cartilage, and mineralization, can be emphasized. Therefore, according to 
said time series processing image, the newly generated lesion and the lesion from which condition of 
disease changed can be overlooked, it can discover easily [ there is nothing and ], and accuracy and 
diagnostic effectiveness can be improved. 

[0041] In addition, although time series processing may be any of soft-parts images or bony septum 
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images, the direction of soft-parts images has a high clinical significance, and is useful as diagnostic 
information. The flow of the time series processing between said energy subtraction processing images 
is shown in the flow chart of drawing 5 . 

[0042] In the flow chart of drawing 5 , alignment processing which carries out alignment of the common 
photographic subject part first between [ 1 and 2 (bony septum images or soft-parts images) ] two 
energy subtraction processing images corresponding to a different photography stage is performed 
(alignment processing means). That is, before performing data processing between images (difference 
processing), the processing which doubles a relative location gap of a photographic subject between 
energy subtraction processing images is made to perform between two energy subtraction processing 
images based on the original image photoed at a mutually different stage, since it originates in 
positioning at the time of photography, the difference in the direction of radiation incidence, etc. and a 
location gap of a photographic subject arises. 

[0043] In addition, since it may be the result fi-om which concentration and gradation differ, the 
concentration and gradation amendment processing in which the concentration and gradation of the 
whole image are doubled with standard concentration and gradation property may be made to perform as 
pretreatment of alignment processing between energy subtraction processing images by dispersion in the 
X-ray light exposure at the time of photography etc. It is good to make the processing which doubles the 
variance of the image data in the pulmonary area field which is an area of interest, and doubles the 
difference of maximum and the minimum value specifically perform in a thorax radiation image. 
Moreover, you may make it make the concentration and gradation amendment processing which is 
indicated by the U.S. Pat. No. 5224177 number perform. 

[0044] the difference as data processing between images which takes the difference of image data 
between the pixels to which two energy subtraction processing images correspond after alignment 
processing is completed - the processing image (time series processing image) which emphasized 
alternatively the aging part between two energy subtraction processing images is obtained by performing 
processing (time series processing) (difference processing means). As after treatment of data processing 
between said images (difference processing), gradation processing of windowing etc., trimming 
processing which deletes a part unnecessary for a diagnosis may be performed. Moreover, it may pass 
with energy subtraction processing, time difference part processing may be compounded, and you may 
carry out by one step of processings. 

[0045] Here, the alignment processing between energy subtraction processing images is described. Since 
generating of a location gap more complicated than the location gap between the original images in the 
energy subtraction processing mentioned above is predicted in the alignment processing between said 
energy subtraction processing images, it is desirable by making an image distorted to use non-line type 
conversion which precision can improve a complicated location gap of the body alignment. 
[0046] Furthermore, it is desirable to consider alignment processing as the configuration made to 
perform in two steps of rough alignment processing and energy alignment, and to perform said rough 
alignment processing based on an anatomy. If rough alignment is performed further beforehand, since 
the amount of location gaps is small enough, in energy alignment processing of a next step story, highly 
precise alignment processing is possible [ the processing which doubles this roughly is possible and ] for 
it, even if there is a comparatively big location gap, if it is the configuration of contrasting the location 
of an anatomy and performing alignment comparatively simple. 

[0047] For example, in a thorax radiation image, it is desirable that the formation of a form status 
change with time makes comparatively few lungs and spines extract as an anatomy, and it is good to 
make it make a pulmonary area profile and a mediastinum extract in a spine line, the thorax, and a soft- 
parts image especially in a bony septum image. The profile extract of the pulmonary area section in a 
thorax radiation image can be performed using the approach indicated by JP,63-240832,A. The point 
used as the specific pattern which observed only about one line or train of image data, and the relation 
with the data of order specifically defined beforehand in the 1 -dimensional image data stream It 
considers as the profile point in the line or train, the line which connected those points in quest of said 
profile point about the line or train of the required range is made into the profile of a pulmonary area, 
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and the point which serves as the minimum as said specific pattern, the point that an inclination serves 
as max, the point that an inclination serves as min, etc, are used. 

[0048] Moreover, as an approach of extracting the rectangle field v^hich includes a pulmonary area in a 
thorax radiation image, there is an approach w^hich is indicated by JP,3-218578,A, for example. 
Specifically, a projection value (accumulation value of the one direction of image data) is calculated 
about the lengthwise direction of an image. And the point that said projection value turns into the 
minimum value is made into the median line, a projection value is compared with a predetermined 
threshold, moving towards an outside fi"om this median line, and the point of each right and left that the 
projection value turned into below the threshold to the beginning is determined as the left end and right 
end of a pulmonary area. A projection value is similarly calculated about the longitudinal direction of an 
image, and the upper limit and lower limit of a pulmonary area are determined. 
[0049] Moreover, there are some which are indicated by JP,2-250180,A as an approach of extracting a 
pulmonary area profile and a rib location in a thorax radiation image. This thing extracts a pulmonary 
area profile and a rib location based on profile information in every direction, and has composition 
which eliminates the effect of [ for a background ] by polynomial approximation especially in the extract 
of a rib. 

[0050] On the other hand, there is an approach indicated by JP,4-341246,A as an approach of extracting 
bony septums, such as lumbar vertebrae, an ilium, and a pelvis, as an anatomy in an abdominal radiation 
image. For example, in order to extract an iliac region in an abdomen radiation image, the profile which 
shows the signal change in the longitudinal direction of an image is created, the segment of two upper 
and lower sides surrounding an iliac region is searched for based on the number and the location of the 
part which takes the minimal value in this profile, and an iliac region field is extracted. Moreover, it is 
possible to classify into bony septum fields, such as lumbar vertebrae, an ilium, and a pelvis, and the 
other field, and to extract a bony septum field by calculating the boundary signal value of a bony septum 
and parts other than a bone from a histogram etc., and performing binary-ization of a picture signal by 
making this boundary signal into a threshold. 

[0051] In addition, it is clear that not the thing limited to the extract approach of an anatomy shown 
above but the well-known various extract approaches can be used. In two or more images of each which 
contain a common photographic subject part as mentioned above, an extract of a common anatomy 
determines the formula which carries out coordinate transformation of at least one image, or expresses 
the coordinate transformation in this rough alignment, a multiplier, etc. so that the location of the 
anatomy of two or more images may be roughly doubled based on this extract result. That is, one image 
in two or more images is set up as a criteria image, and rough alignment is performed so that the 
location of the same anatomy of other images may be in agreement with the location of the anatomies 
(for example, lungs, a spine, etc.) in this criteria image. 

[0052] Since computational complexity is [ it ] rare to use rotation, zooming, and line type conversion 
that consists of combination of a parallel displacement and processing speed is quick, the coordinate 
transformation in said rough alignment is desirable. For example, when a spine and a pulmonary area 
profile are extracted, at least one of the angle of rotation of one image, the rate of zooming, and the 
amounts of parallel displacements is determined so that the line which shows this spine and a pulmonary 
area profile may lap. Moreover, when a rectangle field including a pulmonary area is extracted, at least 
one of the angle of rotation of one image, the rate of zooming, and the amounts of parallel displacements 
is determined so that the rectangular surface and the rectangular right-and-left side may lap. 
[0053] moreover, the image data of the field surrounded with the border line of an anatomy — using — 
SSDA ~ it is good also as a configuration which determines at least one of an angle of rotation, the rate 
of zooming, and the amounts of parallel displacements using law (Sequential Similarity Detection 
Algorithm), a cross-correlation method, a fourier strange conversion phase correlation technique, etc. It 
is desirable to use the contraction image which thinned out the number of pixels of an image or was 
decreased by equalization processing in said rough alignment processing here, when raising processing 
speed. 

[0054] In energy alignment processing, it is based on the image data which performed rough alignment 
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processing, or the alignment information in rough alignment processing, and the formula which 
performs coordinate transformation about at least one image, or expresses coordinate transformation, a 
multiplier, etc. are determined so that the structure of the common photographic subject part between 
images may be doubled relative more minutely. Here, in said coordinate transformation, it is desirable to 
use non-line type conversion. That is, since it is possible to make an image distorted in non-line type 
conversion, it is possible for precision to improve a complicated location gap of the body alignment. 
[0055] In the decision of the multiplier in non-line type conversion, it is good to set by synthesizing two 
or more movement magnitude calculated using the technique of local matching in two or more points, 
respectively. The subregion where said local matching is smaller than the magnitude of an image is 
chosen, and the movement magnitude corresponding to the central point of this field is calculated based 
on the description in this subregion. 

[0056] For example, in a thorax radiation image, the profile of a pulmonary area field is extracted and 
many points are arranged in matrix over the whole pulmonary area field of an image about two or more 
images of each. Subsequently, the subregion of fixed magnitude is set up focusing on each point. At this 
time, the magnitude of the subregion in the image which performs coordinate transformation is greatly 
set up compared with the magnitude of the subregion of a criteria image (image which does not perform 
coordinate transformation), and a template and the subregion of the larger one are called search space 
for the subregion of the smaller one. 

[0057] And the best similar subfield B is searched with Template A in it, moving little by little in the 
subfield of Template A and isomorphism included in search space using the pair of the template and 
search space in the location which corresponds about in a pulmonary area. Retrieval of the subfield B 
calculates the movement magnitude to the main coordinate of Template A based on a main coordinate, 
as a means to evaluate how many [ a template and ] some subfields are similar here (similarity) - SSDA 
- law, a cross-correlation method, a fourier strange conversion phase correlation technique, etc. can be 
used. 

[0058] X components and y component of movement magnitude which were determined about two or 
more templates, or [ namely, / changing one image based on this transformation by determining the 
coordinate transformation equation expressed with the two-dimensional polynomial of degree n which 
makes x and y a variable based on distribution of deltax and delta y ] - or the information on said 
coordinate transformation equation or a multiplier - energy alignment information - carrying out -- data 
processing between images - giving ~ difference - the time of performing picture to picture operations, 
such as processing, - said energy alignment information - being based - a correspondence pixel - 
determining - difference - it is made to process 

[0059] By the way, when performing time series processing of a soft-parts image, after not performing 
the whole page story of alignment processing using a soft-parts image, performing rough alignment 
processing using an original image, making energy alignment processing perform and performing rough 
alignment processing using a bony septum image using a soft-parts image, energy alignment processing 
may be made to perform in said aligrmient processing using a soft-parts image, since a bone has a clear 
profile with simple structure in a bony septum image especially while complicated soft tissue is 
eliminated ~ between soft-parts images — difference — being considering as the configuration which 
performs rough alignment using a bony septum image, even if it is the case where it processes, and 
making rough alignment perform with a simple and sufficient precision — possible - with, difference ~ 
generating of the fake image in a processing image can be prevented. 

[0060] Moreover, rough aligrmient processing may use the alignment information between the original 
images in said energy subtraction processing, and you may make it the alignment processing in energy 
subtraction processing serve as the rough alignment between energy subtraction processing images, 
above — carrying out — between energy subtraction processing images — between images - difference - 
if the processing image (time series processing image) which emphasized alternatively the aging part 
between energy subtraction processing images is obtained, this will be displayed on said image display 
units A and B, and it will enable it to observe the detail of an aging part easily on an image by 
processing (difference processing) 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 12/3/05 



JP,08-336517,A [DETAILED DESCRIPTION] 



Page 10 of 14 



[0061] the difference between said energy subtraction processing images — since the comparison 
interpretation of radiogram removes a part of normal structure of the body acting as a failure by energy 
subtraction processing and an aging part is further emphasized alternatively by data processing between 
images, the processing image obtained by processing can prevent an oversight of the newly generated 
lesion and the lesion from which condition of disease changed. Moreover, reliability in case there is no 
aging is raised, and pseudopositiveness can be reduced. Furthermore, since bone shading and vascular 
shadow are reduced by the respectively different image processing, even when the physical relationship 
of a bone and a blood vessel changes with differences in the direction of radiation incidence at the time 
of photography, both structures are negated and a fake image is not generated. 
[0062] You may be the configuration of making data processing between the this generated energy 
subtraction processing images performing here after being the configuration of making said image 
storage section 1 memorizing an energy subtraction processing image, reading this stored data, and 
making data processing between energy subtraction processing images performing, and making the 
storage section 1 memorizing an original image and generating an energy subtraction processing image 
based on this original image. 

[0063] the difference between said energy subtraction processing images — when the processing image 
(time series processing image) obtained by processing is displayed for discovery of the part which the 
aging part has produced and an aging part is discovered, it is necessary on an original image or an 
energy subtraction processing image to carry out the interpretation of radiogram of said aging part to a 
detail. For this reason, the aging part observed in the time series processing image as it is the 
configuration in which only a time series processing image is displayed on said image display units A 
and B cannot be immediately checked on an original image or an energy subtraction processing image, 
but accuracy and diagnostic effectiveness are bad. 

[0064] Then, it enabled it to check immediately the aging part which made easy contrast with a time 
series processing image, an original image, or an energy subtraction processing image, with was 
observed in the time series processing image as a configuration which displays said time series 
processing image and original image, or an energy subtraction processing image on the same display 
screen or a different display screen at coincidence on an original image or an energy subtraction 
processing image in this example. 

[0065] As shown in drawing 6 , specifically to image display section 6a of the image display unit A 
While displaying the energy subtraction processing image corresponding to the time of the newest 
photography on the display screen, to image display section 6b of the unit B of another side put in order 
and arranged in said image display section 6a The time series processing image obtained by processing 
is displayed on the display screen, the difference between the energy subtraction processing image 
corresponding to the time of the newest photography, and the energy subtraction processing image 
corresponding to the time of the last photography — Coincidence is made to display an energy 
subtraction processing image and a time series processing image on the different display screen, and it 
enables it to compare. Thereby, shortly after an aging part is observed based on a time series processing 
image, the part can be checked on the energy subtraction processing image currently displayed next. 
[0066] In addition, it replaces with said newest energy subtraction processing image, and is good also as 
a configuration on which the high energy image or low energy image corresponding to the time of the 
newest photography is displayed. The resolution of image display section 6a on which an original image 
or an energy subtraction processing image is displayed here In the several about pixel of an original 
image, or although it is desirable to display an image without degradation as more than it, since it is 
what is displayed in order to know the existence of an aging part, and its location roughly about a time 
series processing image. High resolution which is required of the display screen on which an original 
image is displayed is not required. 

[0067] then, the resolution of image display section 6a beforehand set up as that on which an original 
image or an energy subtraction processing image is displayed ~ the several about pixel of an original 
image ~ or, although carried out to more than it About image display section 6b beforehand set up as 
that on which a time series processing image is displayed, what has a small screen size may be used 
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from image display section 6a rather than the thing which has low resolution, or image display section 
6a. 

[0068] If image display section 6a has high resolution, while the minute display of an image will be 
attained, even if it displays two or more contraction images on the same screen side by side, loss of 
image quality is small. Moreover, an aging part can be detected by displaying a time series processing 
image on the display screen of a low resolution comparatively, without being influenced by shading of 
the fine normal structure. Furthermore, cost reduction can be planned by not requiring superfluous 
resolution unnecessary for image display section 6b. 

[0069] It is desirable from the point of the gradation expression engine performance to use CRT as 
image display section 6a, and, specifically, it is more more desirable still to use CRT more than the 1000 
scanning-lines system known as medical-application highly minute CRT. As image display section 6b, it 
is desirable to use CRT, a plasma display, a liquid crystal display, etc. By the way, as a gestalt of a 
display, you may be the configuration on which coincidence is made to display an original image or an 
energy subtraction processing image, and a time series processing image on the same display screen of 
one image display section 6a. 

[0070] When making coincidence display on the same display screen, two images may be reduced to the 
same size, the upper and lower sides or right and left may be made to arrange and display on the same 
display screen, or reduction percentage of a time series processing image may be enlarged relative more 
to an original image or an energy subtraction processing image, and the upper and lower sides or right 
and left may be made to arrange and display on the same display screen of image display section 6a. 
[0071] The interpretation of radiogram of shading fine about a time series processing image is not 
required, since the display with high resolution may be the hindrance of detection of an aging part on the 
contrary, unnecessary fine shading is crushed by it being satisfactory even if it carries out a reduced 
display with above more big reduction percentage, and enlarging reduction percentage in observation of 
an aging part, and detection of an aging part becomes easy. 

[0072] Although considered as the configuration which makes easy detection of aging by the 
comparison interpretation of radiogram of these images, with raises diagnostic effectiveness and 
accuracy by displaying a time series processing image, an original image, or an energy subtraction 
processing image on the same display screen or the different display screen at coincidence in the above- 
mentioned example For example, it may be more convenient to the interpretation of radiogram for the 
image of the same photographic subject to compare to switch and display two or more three or more 
images on the same location on the same screen in a certain case. 

[0073] Therefore, it is desirable to have the mode which switches and displays two or more images of 
the same photographic subject other than the mode displayed on coincidence as mentioned above on the 
same location on the same screen about two or more images of the same photographic subject. In said 
switch display mode, a sequential switch indication of two or more images (for example, a time series 
processing image, the newest energy subtraction processing image, the past energy subtraction 
processing image) is given in the same location of one image display section 6a. 
[0074] Although it may be fixed time amount set up beforehand, spacing of said switch can also be 
considered as the configuration a medical practitioner etc. instructs switch timing to be through a 
console 4 each time, and even if it is the case where it is made to switch by fixed time amount, it is still 
better [ spacing / it is desirable to enable it to change switching time into arbitration and ] to enable it to 
suspend an image switch to arbitration. 

[0075] By the way, in order to display two or more images on coincidence as mentioned above, to 
compare these images and to observe the location where an aging part is exact, the range, or extent of 
change It is difficult to choose the small field corresponding to mutual from two or more displayed 
images based on experience and knowledge, to have to compare those small fields by turns, to have to 
judge them, and to demonstrate high accuracy and diagnostic effectiveness stably. 
[0076] Then, it is desirable to consider as the configuration which can perform a display as shown 
below. Namely, it can be made to carry out by actuation of console 4 grade coordinate assignment of the 
field of the arbitration in the image on the display screen. For example, if the area of interest on one 
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image is set up as a criteria field when coincidence is made to display two images on each displays 6a 
and 6b The field corresponding to the same photographic subject part as said set-up area of interest is 
automatically set up as a reference field on the image of another side, and the graphic display of the 
shape of a window frame which shows said criteria field and reference field is displayed on the image on 
the display screen in piles (refer to drawing 7 ). In addition, in drawing 7 , although the case where a 
criteria field was specified as the display 6a side was shown, you may be the configuration that a criteria 
field is specified as the display 6b side. 

[0077] You may make it specify a setup of said criteria field using pointing devices, such as a mouse 
prepared in the console 4, and it may carry out a coordinate input using the keyboard formed in the 
console 4. Moreover, the touch panel is prepared in each display and you may make it the configuration 
which can be specified by touching the point of the arbitration on a display image directly. 
[0078] By specifying the field (criteria field) on an energy subtraction processing image (criteria image), 
when there is an area of interest which wants to observe aging according to this configuration Since the 
corresponding field on a time series processing image (reference image) is surrounded and displayed by 
the window frame as a reference field The aging part which could observe easily whether aging would 
be in an area of interest that what is necessary is to observe only the image in each window frame, and 
was observed is observable in a detail on an energy processing image or an original image. 
[0079] Moreover, by specifying the field which contains conversely the aging part observed on the time 
series processing image, since the field where it corresponds on an original image or an energy 
subtraction processing image is set automatically as a reference field, it can perform easily observing in 
a detail the aging part observed on the time series processing image on an original image or an energy 
subtraction processing image. 

[0080] Furthermore, when the newest energy subtraction processing image and the past energy 
subtraction processing image are displayed on coincidence, by specifying a criteria field by one image, 
contrast observation of the same field can be performed easily and the situation of aging can be observed 
easily. Although a criteria field may make the arbitration by the console 4 set up as mentioned above 
here for example, in displaying the time series processing image, original image, or energy subtraction 
processing image with which an aging part will be emphasized Detect the part of aging from said time 
series processing image, and while making the field containing this detection section set automatically 
as a criteria field, the reference field corresponding to said criteria field is set up on an original image or 
an energy subtraction processing image. It is good also as a configuration on which the graphic form 
which can identify these criteria field and a reference field is displayed in piles on each image. 
[0081] Furthermore, it is good also as a configuration to which make the field detected as the 
abnormality shading section by automatic detection or the diagnosis by the medical practitioner in the 
past memorize, and initial setting of a criteria field is made to carry out based on this stored data. As a 
means of said automatic detection, there is an approach shown, for example in JP,3-133430,A. 
Moreover, when a criteria field and a reference field are set up, since contrast between images will be 
chiefly performed about the image in said field, it is good to enable it to carry out the enlarged display 
only of the field set up on the display screen at least about one side of a criteria field and a reference 
field (refer to drawing 7 ). If the enlarged display of the field which should be observed as mentioned 
above is carried out, more detailed observation of aging will be attained. 

[0082] Moreover, while enabling it to scroll the image of the graphic form (window frame display) in 
which a criteria field is shown, or the criteria field by which the enlarged display was carried out 
vertically and horizontally by actuation of a console 4 to the display screen, it is desirable to consider as 
the configuration which scrolls the image of the graphic form in which a reference field is shown, or the 
reference field by which the enlarged display was carried out synchronizing with scrolling of a criteria 
field corresponding to the amount of scrolling of this criteria field and a direction. 
[0083] In this case, detailed observation of the field where aging was observed on the criteria image, or 
not only an area of interest but a boundary region can be easily performed now. Moreover, since 
scrolling of a reference field is also performed synchronizing with scrolling with this criteria image, 
contrast observation of a boundary region can be performed easily, by the way, the difference between 
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two energy subtraction processing images corresponding to a different photography stage as mentioned 
above - by the time series processing image obtained by processing Although a with-time change part is 
emphasized and detection of an aging part is easy, since the interpretation of radiogram becomes 
difficult about the structure which has not produced aging, even if an aging part is detected by 
observation of a time series processing image It is difficult to recognize the exact location in the normal 
structure, and a field from the same time series processing image. 

[0084] Then, processing which adds an original image (a low energy image or high energy image) to 
said time series processing image is performed, and physical relationship for the structured division 
which is not changing the change part with time in an image is clarified, and you may enable it to show 
an interpretation-of-radiogram person by displaying the addition image generated by this processing, 
namely, difference - displaying the changeless normal structure, if an original image is added to a 
processing image (time series processing image), it becomes possible to obtain the image which 
emphasized the aging part alternatively, and an aging part can be recognized against the background of 
the normal structure without aging. 

[0085] The example of said addition processing is shovm in drawing 8 . the original image with which 
this image processing was performed after reducing contrast because the example shown in drawing 8 
R> 8 carries out gradation processing of the original image using a gradation translation table ~ 
difference - it adds to a processing image and this addition image is displayed, reducing the contrast of 
an original image - difference - the aging part emphasized by the processing image It is buried in fine 
shading for the structured division which does not have aging in an addition image, and prevents that it 
is hard coming to carry out detection of an aging part. By this difference - the aging part emphasized by 
the processing image can be displayed in piles on the image of the structure without aging with a legible 
form. And it becomes possible to detect an aging part easily, after clarifying physical relationship with 
the structure which has not carried out aging by observation of said addition image. 
[0086] As an image processing for preventing that it is buried in fine shading for the structured division 
which does not have aging in an addition image, and is hard coming to carry out detection of an aging 
part, you may be un-sharp-ized processing besides said gradation processing, RF extract processing, etc. 
moreover, the graphic form in which the graphic form which carries out the line drawing expression of 
this profile is generated, and said profile is shown while performing processing which extracts the 
profiles (a pulmonary area profile, a rib profile, spine line, etc.) of the structure from an original image, 
as shown in drawing 9 ~ difference ~ a processing image is added and you may make it the image with 
which the aging part was emphasized on the profile of the structure pile up 

[0087] In addition, it is good also as a configuration which makes the graphic form which smears away a 
pulmonary area field and a heart field based on the extract result of a profile, and is expressed by the 
pattern generate instead of carrying out the line drawing expression of the profile. A processing image is 
made binary, moreover ~ the example shown in drawing 10 - difference ~ the comparison with the 
image data of each pixel of a processing image (time series processing image), and a predetermined 
threshold - difference — It asks for the field where two or more pixels beyond the threshold 
corresponding to an aging part continue, and by using the labeling processing which discriminates from 
each field, the field (island) which has the magnitude more than predetermined in this field is extracted, 
the this extracted field is smeared away and a pattern expresses. And said image which smears away an 
aging part and is expressed by the pattern is added to an original image, and this addition image is 
displayed. 

[0088] You may make it display in piles the specific graphic form (for example, x mark) in which an 
aging part is shown on the part to which it corresponds on an original image here instead of smearing 
away an aging part and a pattern expressing, moreover, said addition processing - setting - difference - 
it is good also as a configuration which gives a coloring indication of either [ at least ] a processing 
image (time series processing image) or an original image using a color actuation means, furthermore, 
difference — you may make it change a hue to the pixel value of a processing image (time series 
processing image) 
[0089] 
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[Effect of the Invention] According to the image processing system applied to claim 1 or invention of 2 
as explained above For example, while reducing bone shading by energy subtraction processing, it is 
possible to reduce vascular shadow by data processing between energy subtraction processing images. 
Even if the physical relationship of a bone and a blood vessel is the case where it changes with 
differences in the direction of incidence of the radiation at the time of photography etc. It is effective in 
the ability to carry out the interpretation of radiogram of the part which was changeful with lesion 
shadings, such as a neoplasm, easily, without being able to negate bone shading and vascular shadow to 
high degree of accuracy, respectively, with being able to emphasize a change part alternatively without 
generating of a fake image, and being influenced by a bone and the blood vessel. 
[0090] after performing alignment among two or more energy-subtraction processing images which 
correspond at a different photography stage, respectively according to the image processing system 
concerning invention of claim 3 difference — it is effective in the ability to be able to obtain the image 
which emphasized only an aging part, without negating a part without aging exactly and generating a 
fake image by processing, even if there is a gap of the photographic subject location by photography 
stages differing etc. 

[0091] Since alignment processing is performed using the non-line type image transformation which can 
respond also to the complicated distortion of an image according to the image processing system 
concerning invention of claim 4, corresponding to a complicated location gap of the photographic 
subject generated because photography stages differ, it is effective in alignment processing that 
precision is high being possible. Since data processing between images is performed using a soft-parts 
image according to the image processing system concerning invention of claim 5, it is effective in the 
ability to emphasize effectively change of abnormality shading with high clinical significance, such as 
tumor shadow. 

[0092] Since according to the image processing system concerning invention of claim 6 a soft-parts 
image performs fine alignment after complicated soft tissue is eliminated and ** also performs rough 
alignment using a bony septum image with a clear profile, when performing data processing between 
images about a soft-parts image, even if there is a comparatively big location gap, alignment is possible, 
and ** also has the effectiveness of the ability to make the alignment processing using a soft-parts image 
perform simple and with high precision. 

[0093] According to the image processing system concerning invention of claim 7, it is effective in an 
aging part being observable on a screen by displaying the processing image as which the change part 
was alternatively emphasized by the picture to picture operation between energy subtraction processing 
images. According to the image processing system concerning invention of claim 8, it is effective in the 
ability to check easily the location and detail of a change part which were observed on the processing 
image by coincidence or making it switch and display in one side [ at least ] of the processing image 
with which the change part was emphasized alternatively, and an original image and an energy 
subtraction processing image on an original image or an energy subtraction processing image. 
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[ 0 0 5 1 ] ±snzifk-tmm^mmm<r>miii,ijmiz 
hztt/^x'^i>:it am^ij^xh h . ±iEio i a t 40 

X. ^^(rm^W>%^istsmL<mmix^i\Xzii\^ 

X. ^m'tm&\^mmmi:i^iiii-it. immmz 
m-^^^xmmmmcom^mmmcoiiLm^iztMZ'^ 

(mum, ^tft^ri:') 0{4atc, ffeiOBm<0|p|t 
■fr^ff^, 50 
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[00 523 mMimi}LM.-^hiti,zmimm^mi. s 

mm^^h z b ti\ t\%m.tii'ytc < iim&m^^^ ^<r>x' 
»*Lv\ mui'^n.'<?mmm^i^\^Ltz^i<z\i. 
'mm'^mmm^i^-mifiWihi.of.z. -'-fj<mm 

'y^j:<b{>i-)^m.'^-fh, 
[ 0 0 5 3 ] ^y-^:. mm^mmm<7)mm.x'mttih^ 

i^<7)ii^r-:J'^fflV^t. SSDAffi (Sequential Sim 
ilarity Detection Algorithm), fflSfflMffi. 7— 

tftv\ zzx. mmm.■^h^m.^zi5\^x\i. m 
mmmm^m^\^\t'^i>^imm\.zx-^xw&^^ 
fzm>mmm\<^hzbtiK mmm.^:^±.^^h±.x' 

[0054] mm.-^h^fm\<zii\^x\,i. wm^h 
M^^mLfzm\s^T—^x\mm.^h^^^zi5\i 
^m.^h^'^mi^zm-^t . Bmrat^istti-ftjioa^ 
w.m<^mmw^mt<zx ^mm^z^h^h j: aic 'M 

Mmmmi^zt5\,^xii. 4msmm^m\'^izbiimt 
Bp^. imsmmxu. mmimt-t^zbt^ 

b^tlZbti'^-^^Xh^. 

[0055] im^mmzmmm^^i<z}i\^x 

{i. imcO}^^zio\^X^ix^'tLU-:/}}U'7'y^y'/(r>^ 

mm^^xmmmcoms&m^thzbizj: 

i!blbB:\'\ mii^-:^)\^'7'yi-y'/bl,i. WiSicoizt 

[0056] mx.\mnwAmmmzii\.^x\i. mwm 
^'mm^\&L. 'm.(mmti^Mzr)\^xmm 
wmm(^mzhfz->x§'W<r>^i'? v u ••y^xmz^ 

mmzm^^^mcozk^^^. mmmm (mm^m 

^ffh^j:\>^mm) cDm^mmcO:k^^^zit^X:k^<B. 

mmm^^-'f-mmb^^, 
[ 0 0 5 7 ] tT , wmiHX'iiiiX ^nm-r^iimz 
htf-yri^-h b^-'j-m^bco^T^m^^x . -r- 
^mmz^tixi. Tyr\y-h Abmcowm^i'J'- 
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-htiicomm^xix^^ii}^ (mm) mmt^^ 
mixii. ssDAs. fflsfflraa. 

[0 0 58] Wi^(r)Tyy°u-hlz-:>\^x^^^tifz^ 

a-:fV>T, X, yi:m.bt^2d:7tn<X<r>^m^X'm 

^Mmm^mm^^ti. t^t^i^m^^zm-^^^x 

ia«{iia^^5-ttffl?stca'? V ^x^mmmm ix m 

[00 59] tz^x. mimw.^h^>m^z}3\^x . 
mnmmmcom^nmmi'ffom^iz. im^b^t 
^m<D-kmim^mim^^xno'mii^j:<. ^'j 
'ji-jummm^'^xmim-^h^nm^'fT'^fzm. ^ 
mmm\'^xn&m^hM!>mifih^tz'o . ttz. -t 
smmm^^xmm.-^h-^mmifT'^tzm. w:^mm 
m\^xmm.-^h^mmirfh-^fz'otxh^\<\ ^ 
#sw«tci30T{4, mmj:tmmmf)m^^tix 
■^imm^j:mmx'mwkm^^^-t^cox\ 

m: , ^'i^mmmmza (t i. i^amo^^sr # 
I.. 

[ 0 0 6 0 ] t^^, fflfiB^i5-ti:J!!ia«i, mifax^r^;!^^ 

-m-mmi,zm^^>j 'Ji-miSi.r^x'<^im^h^^ 
m.-^h'i^ti^. :i^^^jv^-m>mmm\^zmm 

m^h-itimi3^i:oizl.Xi:>B:^\ mmcoio izl 

X. Ji^ji'^-m^'mmmxmmmmm (m- 
m) i'ifdztx\ :c^^)i'^-m>mmmmx'<m 
m^itmrM^mzmMifzmmm {^mmmm 

^zm § ^x . t&^^tmmmmm±xm m 

[00 6 1] mi:'^^fi^^-m^!mmmmx'(r,m^>& 
mx-^^fzmmmit. immmzmmb^j:iAW(om 
mm<D-^^x^^)\,^-mmizX'yxm^^tix}5 
0. Ht^, mmmmmizxmm^itmmiRm 
^z^m^ii^(r)x\ mrziz^^itzm^'^mm^^tL 
fzm^comtim<'zti)^xth. ttz. ^^^it 
(D^x^^^commm^mi^, mmtamx-^i. m 
tc, ■w?k^tmmmt^^M'timmm>mi,zii'y 
xm-ti<7)x. mmmmxsii:\^cr>mmizx'o 
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[0 0 6 2] zzx\ j^^-fv^-mummm^rmim 

xx^^)].^-M^>mmmxm%>mi'€h^m 
^Xh-yXiiBi^^l. tfz. ^o=Ji-mmti^^i 
izum^-^xa^^x . m o i^'^/i/aaj{ca-:Jv^tx^^ 
)\^^-m^!mmm^^ixt'(>. i^^^it/cx^^ 
ji'^-mmmmmxmnnstm^'iyh^mm'h 

[0063] mi:^^^iv^-m>mmmmx'com>iSt 
10 mxi%fz!>&mm^ mmmmm^) {4, mm^itm 
ti^±tx\'^hmcr)^M.(r)tzMz^^s^^t^ {jcoxh 

0 . m^itmmM,^tlfz <b ^ 'J >'':^;^B^iX(4x 

^^j\^^-m^>mmiSi.±x. mimf^^itm^mm^z 
'^thztif-m^ztch. zcofztb. mummmTikzL 
-'•/hA. B ^z^mmmmm<^^i:^^ ^m&x- 
hhb. ^7hm>mmmzi5\^xwm$tifzw^^^tm 
^i:^ ij i^i-jvm^'^:^^^)v^~mmmmLXWb 

[0064] ^zx\ ^mmmxM. mw^mmmm 

20 Jj- 'J ^-'^/l^BmXJix^vl^^-H^JJMBMt ^|5l 
LX . B^^^MfflSmk ^ U =Ji-)Vm^XMx.^-)V 

^~m9mm^bmitim^\<zL. nx. nik^m 
mmmzi5\^xwm^tifzmn^im'rf^-^ u iyi-)vm 
mj,i:^^>v^-^'^9mm^±.x'm.-ht.z-m,'fh z t 

tfiX'^^XoizUz. 

[0065] M:mzit. miii. meizi^i-^ o t:, 

mizMm & x^.;l.^-^»IB® ^ -e^O^Bffltc 
30 ^$ii:S-:^r. lulBB^^gP6a(cafe^Ti2iS$ix 

1. J. - ■/ h B cTjBm^gP 6 b tc{4 , m\cr>w^ 
^izifim-f h :!^^)v^-m!ft>mm^ b wm c7)a^^ic 
nm-fh:i^^-)v^-&'ri^mm^b(nm:cnm^mm: 
'i^hfifz^jknvmmm^<^m.^mmi>zm.yrs^^. n 
mzji^^)v^-mmm^b^mmmm^b 
im.^mmi.^zm^^'^x^^i'Zbifxthi. o 
Lx\^^. zMzii^. ^mmmmmzm^\^xwi^ 
^\tmi^wim^tih b . mzm.^s%ixx\^h:ii^-^)i^ 
-m^mm^ix'^m'rt^m.hi.zm&xth. 

40 [ 0 0 6 6 ] Na. mim<^:^^-)v^-m^mmmz 

m-^^)v^-mm^^s%^m^bLxhni\\ zz 
x\ jj-'j 'ji-jvmmxiix^^/\^^-m^>mmmim^ 
§ -ti: I. mmmTjk^ e a <7)mmmi . ^ u >''-f;L'Bm<oB 

7f^^-tH><r>Xh^tz)ib. :t'Jy-^;UBmS-^§-ti:l. 
50 [0067] ^ZX. i^'-^;^B®X{4X 
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tot L-Ci^e^iSS^ix^cM^^T^gpe hizr>\,^Xim 
[0068] ffl«^gi5 6 a *S]«^mSSr*1-|. t. 

S)^i{f, B®o»*a^as^**^tgtc^i>^^t, |5]-B 

irkUehttXli. CRT, 7°7X-7T'f>?.r^-< , jS 20 

x\ m^<7)mmb txa. -i^c^mm^^ue aco^- 
mmmmmmmbimiz^^^mmxh-ox 
[0070] m—m^mmi.iiz^^i.zm^^-th^'^iz 

a. 2':)c7)fflfiiSr|5lt-9-^Xlcffi/jNfCI3|— <7)^ffiffi 

(Dm^hmir^nmi^zj: o:^^ < i. mm^me acorn 30 
[007 1 ] f^mmmmmi.z'o\^xit, «8*-^ii^<7) 

, mA-^iiz^ <^^zt x-m^^it^atcrimmjzr^ 
^^j:mmmi)^mhxtmmtmcommt^m t ts: 

[0072] ±iimmmxii . ^mmmmmt:^ u v 40 

■f;l^B«X(Sx;t>;Pdf-||^jn,aamSr |Sl-*S^Bffl± 

x\tm^j:h^^mm±xzw^{,z^^tt:itx\ cifKo 
(m^'^vcM^^ziii.tm^iwm^i^^tL. 
X. 'mm^, mw^f^^\fi\h^^m^tLfztii. m 

t'X'ii . mm(ommn-^7ikm±<r)m-&miz^ 0 m 
ix^TT^thiftiK mmznm^j:^'^m^. 
[ 0 0 7 3 ] i3i-M¥ft<o^gscB«tco\, , 
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'ti't-i^miixoiztiztmti^K mm 
miw^=t-]^x'ii. mwLmm mimmmm. 
mm. mi<r>ji^^ii'^-mimmm, 3a4ox^w^=^ 
-mmmm) -tm^mkmacom-iSLm 

[0074] mzmmmmii. ^nbm^wz- 
^B#^T'j>-5Ti^v^*5. miztmi^mm^^x 
^^xoizthztmtK. tt^. m'omii^^ s. 

i^xh-^xi,. mmmm(7)-^i¥±^mizn 

[007 5] bz^x\ ±E<r>Xoizm^<r>miSii:mm 

izmi^"^. ztL^ycomm^^xfrn^itmcojE 
tifzmmcDmm^hmmzMjibi- h >h ^ -^smiiimLt 

wmm-k'Si^mz^m^t ; t tmrnxh h . 
[0076] ^:ix\ mric^-t i 0 ^^*^'1f ;c m 

-5 TSs^Bffl±iOBm t I. ffiso^^s: wm^'^x 

thX'bl.zL. mUf. 2-9C7)iifi|2r^^gP6a, 6 
b {;|5lB#tc^^$ -tir/c^-^tc , -:Sr(7)B«±T'<^M^C^^ 

S4^a*pTi«t LTis^-ri. t , mn<m^±.x'mim 

mmkbLxmmi.z^'M.^ix, mmw^mit^^m. 

bxm^^^ixhXoi.z'rh (mim^) . 071=^ 
m.^.ue ami,zwmmifim^-^tih^^i^^ 
LtztK m^Ub hmi.zw^m.tim'^^ixm^xh 

[0077] mimwmf^mmi. wi^^A\.zm.nh 
Yim\^x'mx-nLxijB,\<\ tfz. ^m.7m\.z^'y 

^f^^>-)VifW1fhtcz\-^x . ^7mm±.<r>^'M^(r)^\,zW. 

^mit^bi.zi^'om'&x^ii.otpmmz t-ct^ 

[0078] i)-^i)^mmzxti},i. m^\tim^uz 
^Mbwm^hh b # (c, 0"ji.{f x;^^;^df-||^Jila]i 
m («2^B«) ±T'-eoigi^ mmmm) ^t^^tiz 
bx\ 'i^mmmmm i^mmm ^xmmimm 
mmmibixm'X'mttixm^^^tii^>(:>. ^ti 

^zt&m^itm^f}^t^i^$!,izm:X^ . ttz.im 

miSL±xmmizmx'^h. 
[0 0 7 9] ttz. mi,z. ^mmmmm^x-^u-i 
m^^tm^-ttsmi^t^Mtizbx. ?r'Ji^':^/^ 
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[ 0 0 8 0 ] Htc. «Ji<7)x;f^;pdf-||^»!iaBait3a 

■c'#i., zzx\ m$mmim^<^xd^z^i^^4izx 
^xitJ^^^ji^-mmmmmt ^^^^^tm^iz 

mBmmmmiznmthmmmi:'^^ lx. zti(,m 

[ 0 0 8 1 ] St. m&zmm.^ximmizxmm 
{cj: 'om^mmt ixt^mntzmmnm^^txa 
*'t-mmT-:!^iz^-:i^^xmmmm<D^w^m^ 
frh-^m^tLxhB:\\ friasi&^wo^st tx 
(i. mnmm¥3- 13343 o^^j^miz^-tiim 

mmmmiw- i^mtmmmmmiz-y^ ^xfrhtii 

■n><z'^\^xmmM±.\<zm^^ixfzmL(r)?f-imkWrs 
^^hzbifxtii.^\.zthb^\-^ mi^m.) . ± 

tl<r)i.o\,zm^t^tm$.ffmkmr^^tdx\.i. mm: 
^b<7)J: mmts:miiMm.^ztj:h. 

c 0 0 8 2 ] mm^^^tmm (.^#^) x 
\m±m7r^wzm^m.(r>m^immm^zn lx^ 

^^A(r>m^\<Zi.->XJLri£.UzX7u-)VX'^hi.o 

mM<r>mm. mwm&<^x^u-)uzwmLxx9m 

[0083] z(D^izi^. smffl«±tcfcv^-c, tm 

mnm^j:m».tim^iznihx^iz^j:i. ttz. 
hmmmmx'<7)x ^ \3-Mzmm ix^m.mi^(^x ^ a 
-ji't'€htiii}-t^. mmm.mmsmf^¥^mzni 
h, tzhx. tm.<r)io\z, w^hmim^znm-f 
h 2-^<r):j^^^)v^-wit^mmmAzmhWjivmx 

tixwmAm'7sm:m'!^^xhh^^(n<;^. mmt 
(n^\:.x\^tt\M'mh\z-)\^x\t^(n>mmmm,zt£h 
*^^>. ^im)mm%.'mmz^'^xi&m.\mw^ 
ai§iiTt>. ^nmmm^zii\^h^<ni£m:m., %. 



[ 0 0 8 4 ] -ec: t\ -mmmmmmzii v v-^/i- 

•tmm^'€^\ t^ij'h'mizX'yxm.^tLfzmm 
m^^^^-\thzkx\ mmiH(r>m^m^itmt: . 
^it IX V ^^^\>^mMmtmmmmm-miz Lx'm 
^\.zmct'^ti:o\.zLxij^^^. ED*>, n^^aasffi 
{^m^mmmm ^z:^')'Ji-)vmmtm.^\f. ^ 

10 m^z^mtfzmmm^ztfi^^t^j:*). w^^it^ 

ioo85]m8izmmm!m(7)mi:^^ixh^, m 
8 iz^tma. ^ u 'ji-mm^m^mT-yfum 

^^X?§m!&m.-th ZtX'oy h^xh ^{S:T^-^fzm, 

ij^fi^mfs^umm^tifz^'j -^i-immimms 
mzmi. i)-Mmmmi:m^s^^n>(^x'hi. 

it 'J i^i-)vmm<r>^ yyyxh $-(RT$-frl. c: t J; ^ 

X. m^mmm^m^ixmmim'^tK imm 
20 mzii\,^x mimtff)^j:^^m^w.'rt(^mt't£m¥Azm.h 
tix. mn^itmffi^^&m^MKtsihztm^-f 
i,xo\,zLfz{>cr)X'h'o. zmzx^. mmmmx 

-s. . LT. mmmmmwm^z x->x. tmmt l 
x\^^£\^mib<^mm^im^^z Ltz±.x'wm.i\L 
mm^><zi^m^ zt-h^mk^£h. 
[0086] tmmmzio\^xmmt<nti:\^mm''if 
mti^ti:^^^zm^jfixw^^itmcn^\^m\M< 
30 ^j:hzbm±-thfzibmm9mbLx\i.mtmm 

i^v^, tfz. m9\.z7fcr^oiiz. it')'J-r>i'mm-'h 
mmnmii (mfim>, m'^m>. mm^t^b) m 
\m-h9mi'^otmz. mm>^ummm-hmBi 
-mwm>i^^^mmz&'^vmmmitmL. 
mmii<mm±.^zw^mm'rtti^^m^iitzmmmh 

[ 0 0 8 7 ] i^. mt^mmmm-hith 0 tc, mm 
iii\m^^zmn\.^xmmm.'^>mmii:m.'^mu-^9 
40 -yxm.tmm^^^'^hm^tLxi.^w t 
fz. mmzmmmmx'\i. mmmm {^mm. 
mm (^^mmm^r—^ tfsi^<^mmt<r>\tmzx 
->xm^mmm2mtL. im^itmf.znmth 
mm:x±.<nmmti<m.w^'fhm&^isi.>t>. 
s'lt ■& 'J yy>)m^m^hz t izi f) Mi^cT) 
'px'^^a±.<7):kt^iw^m^ (ft) mmi. Mtt 
tiiUzmiimmu-^^-yx'mm-h, ^ix, g 

50 [0 088] zzx\ mmit^^^m'omu-<i'~y 
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tcfcv^T, mmmm immmmm) Rm^j'J 
mmmm <r)mmmizMLxmt:^it^^ixoizL 

[0089] 

[ mcom: ] ]ii±mm ir^j^d msm i 2 (m 10 
m^zt^fj^mmmmm^zi. h t , mui:^A-tv^-m. 
'^%mz^nx^m^^'m:^h--n . m!^%^:!^^- 

Alt*- ^(rmk^\Z i.-yXWi-iX^^h %&T'J) o X 

^'mmm'^m^fi^ii-mmzn'hm-t^ 
bipx^. ax. mm<D%±^j:<^itm^:mtRmiz 
^'^skmzmmfiizt^j:<. mm^j:m 
mmkmx'^-itcoh'yf^im^mmzmBX't ^t^^o 
m^m^, 20 
[00 90] msm3(r)mizf)^f}'mm!mmM.i<zx 
lb. m^j:tmmiz^ti'?mmtiMm<r>x.^^)\^ 
^~^^mmmmx\ m-^h^^'^^tzmzmm 
m^fyozbx\ mf^mm^j:hztizximwiiL 
a(^-f t > mmtco^j:^^mmmiz 
iimix. mm^m.^-^izt^j:<mm^i\Lm 

[0091] mm.A(r)W^^zf^i?hmmm^m.^zi. 
ht. m%.cr)W^tcm.:hi,zhnmx'%htmmm^^ 30 
im^^xm.-^h^m.i'^o<^x\ mmnmtimtch 
z t x'm.i-m^i^(r>mwj:imnnzM!:5 lx , m 
&<7)M V ^&M^h^mmmmx'h ?>t\>^o h 
mim^m.mz-h-^t^hmmm^m.'^zi.ht , is; 

ii(r>um'^^w.<^%\ m'^nmm'c^m^mzmm 
i-hztifiX'iht\^o ^m^h h . 
[00 92] mm(^ommzt^ii'hmmM^mxzi, 
h t . ^^mz-^\^xmmm'M.^mr^ ot%i>z. 

m^^x±tti-^^j:m.'^hw^'yxti-^h. mm%x'm 

t-^j:m.-^h^i'^o<^X\ imm±t^j:m:ftiifih 
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m.^m'm^f^m^'ommm><z'{ih^h ztifix-^h 

[0093] mi^i<r)^m\.zt^i)^hmmm^m.^zx 
lb. :ii^)\^^-m>mmmmzmmmmmz 
x-yx^itmmmmz^m^fitzmmmmim^ 
'thztx'. mm±x'm^it^^imiX'^it^^o 
^^mh. mims<r)%mzt^i)^mmm^m^zx 
ht. "SLitmifimmii^z^m^titz^m^t . 

■Mtmf^xmmtx^^^^iztx\ >mmiSi± 
x-mm^titz^^tmc^&m'^imi^o i^i-jimmx 
i±x.^^ii^-m^mmmm±X'^$^izmwx'^ s t v> 9 

[HI ] *^Bflc7)-|IM^J<^>-X7^A«^ro-y^|l. 

[m2] Jc:^^)U^~m^^cr>TiU^*JXM.^:^'ty^ 
[03] x^^;Wdf-||^51M<^?TLiX$r*-r7 0-^-v- 

[04] :^vi^i-)umm. :r.^->)u^'-mmmmmx/ 
ims] :t^^ju^~M:^>mm^^x'mn>mifr^t 

[m7]mmmzmimm^^^<^mi^tm. 

[09] mmiummm t^^v 'Ji-n-mm t <mm-m. 
[010] mkn^m^ti^ 'J 'j-tfvmiMit (ntm^m 

1 B^iatfgB 

2 mmm'mw. 

3 mw^"^ 
4 

5 B^saagp 

6a, 6b H^R*gP 
7a, 7b B^;<^'J 
8a, 8b ^fffM^U 

9 ^m\mu 

A. B litfe^S^:!---^ b 
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[115] 
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